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I. Introduction

The purpose of this report is to attract attention on
possible use of pulse reactors for neutrino investigation
in the presence of high cosmic and natural radiation back-~
ground, The neutrino (and antineutrino) interaction cross-
gsections for nucleons and especially for electons are ge-
nerally known to be very small, For this reason the regi-
stration of neutrinoes from a power reactor must be done
under background many times as much as the effect. A pulse
reactor givea much more better comditions for the experi-
ments which demand a great neutrino generating rate in the
pulse, Therefore, such a reactor differs from usual research
reactors with a high neutron density (1). The practice of
USSR uranium-graphite pulse reactor IGR (2) gives the op~-
portunity to design pulse reactor with power of some
109kw, the pulse duration being about 1 second., The evalua-
tion shows that it is sufficient for measuring the anti-
neutrino-electron scattering cross—section.

A number of versions of the reactor as antineutrino ge-
nerator were considered, all giving approximately equal
opportunities for antineutrino generation. It was supposed
the core to be consisted of the graphite sections saturat-
ed with urenium as in IGR. The new characteristice of the
reactor are the greater dimensions and the arrangement of
heat-transfer tubes into graphite sections for rising a
cooling rate (period of some hours made).

The next relations are useful in analysis of anti-
neutrino generation methods. Let ¥1) ¥ be a number of
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counts per one neutron absorbed in a fuel (U-235). For
average reactor power "Qav" and duration of experiment "t"
we have number of counts

N. = __a._“’_.'-’—
370 F
Here "E" - extracted energy for neutron absorbed by
uranium nucleons.
Background countas for the same time is proportionate to

an effective interval of neuirino generation in reactor
pulses: ___f;__
= ?7“_:
where 4° is the interval between pulses
and ale 1is the effective interval of antineutrino
generation, proportionate to the measure-
ment duration.

Approximately Afe'vkz , where A decay probabili-
ty of activated nuclel emitting the antineutrino. If the
background is not due tc a reactor operation and gives a
counting rate .n" , sptatistical uncertainty of the mea-

surement will be of order

[nt, Efr
N ~ Qavhrit
(It was suppoged that /?,Zi >N ). For stationary re-

actor operation with the same value Qg the uncertainty
will be as much as V7T2A times greater,

Costs of construction and reactor exploitation is de-
fined roughly by dimensions and average power., It is pro-
fitable to diminish an average power Qgv and to increase
Z , keeping the accuracy of the measurements. However,
there is a relationship far the pulse reactor: Q‘V:cz-
where ./ 1is the energy accumulatible by reactor. For
this reason the accuracy of the measurements 1s defined by
value pQav T =y VQary . Diminishing of Qgy
demands an increase of s that is an increase of reactor
dimensions and 1is profitable limitedly,

The necessary antineutrino flux was evaluated by Spivak
and Mikaelyan and their results sllowed to estimate the

ri?zctor dimeneions and pulse pericd. They also procposed

te
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the idea of usage I;i7 to generate the antineutrinves of
bigh energy in the reactor.

2, Usage of Fragment Antineutrinoes

For measurement of an antineutrino-electron scatterring
cross-section the integral antineutrino flux from fiesion
fragments, produced in reactor pulse, must be

J: 4, 107%cm* Vefda<y
each fragment presuming to be source of one entineutrino,

Pulse duration must be less than 10 seconds, An experimental
installation (detector system) has to be placed into the
reactor to increase a counting rate., The spherical layer
reactor with radii 7,25 m and 9,85 m (core thickness 2.6 m)
and with shielding thickness 4 m has an inside volume 145m3,
A core volume is 7000 m3 and the weight 104 tons (passage

to the lab taken into account). This weight is as much as
2500 times greater than one for IGR. A power pulse will
meke about 2.5::{10]'3 joules of heat. Corresponding number

of antineutrinoes is 1.‘55xlO24 and integral flux is

f:' 71710 em-2
in the lab, It is sufficient to repeat the pulse once per

day, the average reactor power being Qav= 300000 kW, The
reactor is cooled after the pulse immediately much more
intensively than at average and the power of cooling syatem
is to be about 106 kv,

The fuel burning up is A G5 = 100 kg of uranium for
the continuous operative year, with operative charge
Gg = 2000 kg. More cheap semisphere version of the reactor
with the same antineutrino efficiency has the next charac-
teristics:
= 5000 t, 65 = 1000 kg
1250 joules, "= 6 h, Qav a 600000 kW,
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3. Li' Activation

The activation of Li7 in reactor may be used to obtain
the high energy antineutrinces ((3). The measurable anti-
neutrino flux ina pulse is f= 4.5'10’5mz"'VT/W/"
(beyond shielding). The life-time of a Li® nucleus is

j'1=0.85 sec s There is possibility to take out the activat-
ed lithium a3 antineutrino source from reactor into collec-
tor with effective distance to detector about 3.5 m. The
collector has to accumulate 7 .1021}[‘!'77419_;/1_/T of 118 nuclet
per pulse, The estimation of pulse reactor dimensions may
be easely made supposing the pulse duration as well as time
of lithium tramnsfex to a collector is one second, a swucces-
gion pulse interval is < =2,5 hours, Li7 has to capture
5.1021 neutrons, radiocactive decay being taken into account.
L17 must be of a high purity (the relative I.16 concentration
is of order 3.10'5), go half of absorbed neutrons by li-
thium produce activated Li7. The uranium absorbs neutrons
twice as much as lithium (for given uranium-to-lithium
ratio), that is 2.1022 neutrons per pulse, It means

T = 54x101° Jjoules extracted, Reactor construction requires
about 200 tons of graphite if heating non-uniformity is
similar to that of IGR., For operative year the fuel burn-up
results 7,102 U-235 nuclei, i.e. G5 - 30 kg. The
neutron absorbing in lithium comparatively with that in
U-235 is 25% at average far operative period, at the end of
it K, =4 » taking into account the fragment accumala-
tion and burning-up of Lis. The reactor must have an out-
side layer of the core with A, =1 . At the end of ope-
rative period K," 1 3 providing the lithium removal ,The
volume of the core layer which keeps the reactor at power
is 1.5 times as much as one of coere with K, = 1,
The full uranium charge is G - 200 kg and pulse heat
Jd = 125.10]'Q joules respectively. There is no need to pro-

vide the criticality of hot reactor in the regime of self-
322
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quenching pulse, and dimensions of periphery layer with
K, =13 decrease. In this case Gg = 175 kg and

Jd = 110.1010 joules. A pulse duration is less than one se-
cond, a mean reactor power - Qav 125000 kW. A capacity

of heat extraction system must be some times as much as
this (about 0.5 x 10° 1),

4, Comparison of Different Variants of Reactor

The comparison of variants with and without lithium shows
that the use of 10 tons of high purity Li7 gives the oppor-
tunity to decrease the average power - 10 times, graphite,
saturated with uranium - 10 times, uranium charge -5 times,
In lithium variant there is no need to uniform the neutron
distribution, However, the average heat extraction in the
core with lithium has to be decreased approximately 2.5
times, the same rate increasing the quantity of lithium;
the uranium and graphite loading is not changed.

The distance from the experimental installation to the
centre of reactor is considerably greater than to the li-
thium collector., Therefore, the replacing of lithium to
the collector permits to diminish the quantity of pulse
produced Li8 2,5 times, That means a decrease of graphite,
urarium and average power 2,1 times. But the gain makes the
reactor construction more complicated,

The further complication gives the additional decreas-
ing of lithium, if to use the moving wave (regime of cycle-
pile) (4) instead of self~-quenching pulse, The core, free
of lithium, and the lithium screen have to run around the
reactor body for one seccnd, with the speed about 20 m/sec.

Table I shows the varilants discussed. They are compa-
rable concerning the possibility of antineutrinoes experi-
ments, but differ by the technique complication., Variant 1
is the most simple and bulky (without Li7). Variant 2 demands
much Li7 of high purity and a solution of a new technologi-
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cal problem: to construct lithium cections stable at the
conditions of high temperature end radiation. The jacket
materials of these sections must be bad absorbers of neut-
rons and gamma-rays (gamma-rays absorption leads to the
overheating) . However, the dimensions and cooling capacity
of variant 2 are considerably decreased. The wvariant 3
gives more of latter gain, but much more complicated: the
high speed transfer of irradiated lithium and the conctruc-
tion of transporting system in the reactor. |

A

. Approved For Release 2009/08/17 : CIA-RDP88-00904R0007100100023-5




x4

| [ Approved For Release 2009/08/17 : CIA-RDP88-00904R000100100023-5

Table I
Comparison of Reactors as Antineutrino Generators
ac® ¢ G ¥X) 5 T @y
BT kgt joule hour 10%kW 10%%cm~2 Fote
1 5000 1000 4] 1250 G 600 85 Fragment (soft) antineutri- .
noes
2 1000 400 25 230 2.5 260 1.5 Antineutrinoes of high
energy. Lithium immovable
3 500 175 10 110 2.5 125 1.5 Antineutrinoes of high

energy. Lithium speed
10 m/sec.

x) Without graphite reflector

xx) Admixture of Li® in 117 1s 3x10~5
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Annotation

Pulse reactor is profitable for physical investigation
when the effect-to~-background ratio is not small, Variants
of a pulse reactor far the antineutrino experiments are
discussed., The reactor with pulse heat extraction
l.ZleOIBjoulea and with average power of 600000 kW gives
the fregment antineutrino flux, sufficient for measurement
the antineutrino-electron scattering cross section. The
reactor has a graphite core with 1000 kg U-235., The anti-
neutrinoes of high energy may be produced by Li7, activated
in the reactor. It leads to the dimension and powerxr de-
creasge: pulse heat extraction - 5 times, average power -

2 times, uranium charge - 5 times, Lithium of high purity

is required 25 tons. The further dimension anmd power de-

crease is due to the complicated comstruction: pulse irra-
diated lithium is fransferred to the special collector.The
decrease rate comparatively with the previous variant:
pulse heat extraction - 2 times, average power - 2.4 times,
lithium - 2,5 times., The variants are suitable for the

antineutrino experiments.
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